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Purpose: Trauma to articular cartilage surfaces can lead to os-
teoarthritis (OA), which is characterized by joint-wide degenerative
changes affecting cartilage and bone, synovium, meniscus, and
ligaments. This suggests that soluble factors produced by dam-
aged cartilage and released into the joint space have a deleterious
inﬂuence on surrounding tissues. To test this hypothesis we de-
termined the effects of medium conditioned by damaged cartilage
explants on the proliferation of cultured meniscal cells, synovio-
cytes, and chondrocytes.
Methods: Cell culture. Articular cartilage, meniscus, and synovium
were obtained from healthy young adult cattle. Chondrocytes and
meniscal cells were isolated enzymatically by digestion with col-
lagenase and synoviocytes were isolated by the explant method.
Impact test. Osteochondral explants were harvested from bovine
tibial plateaus and were subjected to various impact loads (2.18
and 6.54 J/cm2) by a free-falling 1.04 kg mass connected with a
5.5 mm-diameter ﬂat-ended platen. The injuries caused by 2.18
J/cm2 were characterized by modest superﬁcial and transitional
zone clefts and chondrocyte death whereas injuries caused by
6.54 J/cm2 produced clefts extending to subchondral bone, ac-
companied by chondrocyte death. Impacted and non-impacted
control explants were incubated under standard culture conditions
for 14 days and fresh medium was changed every 2 days. Me-
dia samples conditioned by impacted and non-impacted (control)
cartilage explants were collected at the 2nd, 8th, and 14th day.
Impact-induced medium treatment. Each isolated cell strain was
seeded at 1×104 cells/well in 96-well plates and incubated for 24
hours. Conditioned media were refreshed every day. Cell prolifer-
ation assay. Cell proliferation was determined using an MTS kit
according to the instructions. Brieﬂy, after 5-day culturing, 20μl
MTS reagent was added into 96-well plate containing 100μl of
fresh medium and the absorbance was recorded at 530nm using
an ELISA plate reader.
Results: Chondrocytes and synoviocytes showed a similar trend
of lower cell proliferation with increasing injury severity (Fig. 1a
and 1c). Differences between control and impacted specimens
were greatest in medium collected on the 2nd day. In contrast,
there were no signiﬁcant effects of conditioned media from control
and impacted cartilage on meniscal cell proliferation (Fig. 1b).
Conclusions: The reduced proliferation of chondrocytes and syn-
oviocytes grown in medium that was pre-conditioned by impacted
cartilage supports the hypothesis that soluble factors released
by mechanically-damaged cartilage have harmful effects on sur-
Abstract 452 – Figure 1. Figure 1. Cell proliferation in media collected from explant cartilage that had been exposed to impacts with energies of 0, 2.18, or 6.54 J/cm2:
chondrocytes (a), meniscal cells (b), and synoviocytes (c) (n=4, *p<0.05, and **p<0.01)
rounding tissues. In previous studies we showed that impacted
articular cartilage caused increased release of catabolic factors
including ﬁbronectin fragments, IL-1β, and TNF-α. The increase
started immediately after impact and continued for 7 days. These
factors may have contributed to the anti-proliferative effects of
conditioned media that were observed in this study. Future work
to identify the speciﬁc molecules that mediate these effects may
lead to new treatments to block the early pathogenesis of OA in
patients with cartilage injuries.
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Purpose: Joint immobilization is a common treatment modality
in orthopaedics, but it also causes articular cartilage degenera-
tion. In our previous study, the changes of the articular cartilage
were different at three speciﬁc areas: atrophic changes in the
non-contact area, hypertrophic differentiation of chondrocytes in
the transitional area, and decreased number of chondrocyte in
the contact area. The purpose of this study was to investigate
the different mechanism of articular cartilage degeneration after
immobilization at the three areas.
Methods: Adult male Sprague-Dawley rats were used. Unilateral
knee joints were immobilized at 150° of ﬂexion by rigid internal
ﬁxator for 3 days, 1, 2, 4, 8, and 16 weeks. After ﬁxed with 4% and
decalciﬁed, specimens were embedded in parafﬁn. Expression of
collagen types I and II, aggrecan, and matrix metalloproteinase
(MMP)-8 and -13 was evaluated by in situ hybridization and/or
immunohistochemistry. Total RNA was extracted from the articular
cartilage in the contact area and expression levels of these mRNA
were measured by quantitative PCR.
Results: Expression of collagen type II and MMP-8 was de-
creased after 3 days in the three areas, but increased after 2
weeks at the hypertrophic differentiated chondrocytes in the tran-
sitional area (Figure 1, 2, and 3). Immunostaining of collagen
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type II in the transitional and contact areas was decreased af-
ter 8 weeks of immobilization. Immunostaining of aggrecan was
observed between the surface and the tidemark of the articular
cartilage and decreased after 4 weeks of immobilization (Figures
4 and 5). Immunostaining of collagen type I was increased at hy-
pertrophic differentiated chondrocytes in the transitional area and
superﬁcial chondrocytes in the non-contact area (Figures 6 and
7). Immunostaining of MMP-13 was observed at the hypertrophic
differentiated chondrocytes in the transitional area (Figures 8, 9).
Expression levels of collagen type II mRNA and aggrecan was
decreased, however, expression of MMP-8 and -13 mRNA was
increased by quantitative PCR (Figures 10 and 11).
Conclusions: Different mechanisms of the articular cartilage de-
generation after immobilization were observed at the three speciﬁc
areas. Altered mechanical stress distribution is one possibility of
these different changes.
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Purpose: Plasmin is a serine protease that is generated from
the ﬁbrinolytic pathway and activates matrix metalloproteases. Be-
cause it activates enzymes associated with cartilage degradation
and has been found in high concentration in human OA bone
and cartilage, plasmin has been implicated in the pathogenesis of
OA. How the ﬁbrinolytic pathway is activated in OA is unknown.
We have presented to this meeting the observation of decreased
perfusion consistent with hypoxia which may be physicochemical
biomarkers for eventual OA lesions in guinea pigs. In other organ
systems, hypoxia upregulates the inhibitor of ﬁbrinolysis, plasmino-
gen activator inhibitor (PAI-1) and elevations in PAI-1 have been
described in OA. It is therefore difﬁcult to reconcile observations
of decreased perfusion and hypoxia with elevation of plasmin in
OA. These studies were undertaken to examine a role for hypoxia
in plasmin generation in OA and describe a unique association
between physical and chemical pathways in early OA which could
be of use diagnostically or targeted for therapy.
Methods: Human OA osteocytes were isolated from tibial bone
removed at TKR (n=10). Inclusion criteria were primary OA with
varus angulation. Exclusion criteria included smoking, hormone
therapy, or coincident drugs with known activity on bone. Osteo-
cytes were isolated with 0.25% trypsin/0.2% dispase/0.4% col-
lagenase digestion. Osteocytes were plated at 1M/ml and were
grown to conﬂuence in Promocell osteoblast growth media. All
